Human papillomavirus (HPV) is responsible for developing cancers, among them cervical cancer, which is the second cancer responsible for female mortality. The polymorphism of glutathione S-transferase (GST) is closely linked to an increased risk of cervical lesions and HPV infection. This enzyme is involved in phase II of xenobiotic metabolism, which can eliminate potential toxic carcinogenic compounds from the body. In this study, it was analysed the association between GSTM1 and/or GSTT1 polymorphism and susceptibility to HPV infection or development of cervical lesions. It was also analysed the correlation of these polymorphisms with external factors such as number of sexual partners, parity, smoking and alcohol consumption. Women who had more than one sexual partner presented 2.35 times more chances of being infected by HPV, but it could not be associated to the development of cervical lesions. However, more than three pregnancies leads to high risk (OR=3.2) of developing cervical lesions. Considering the genotypes analyzed in this study, only GSTT1 null showed significant influence on the risk of HPV infection among consumers of alcohol (OR=6.6) and none of them showed influence on the risk of developing cervical lesions (P <0.05). The study of other polymorphisms and expression of GST isoforms and enzymes that act in phase I of xenobiotics metabolism, for example, could lead to further clarification of the effect of oxidative stress on cellular susceptibility to HPV infection, since the results this research point to this interaction.
INTRODUCTION
Human papillomavirus (HPV) infection is known as major risk factor for cervical cancer development. Worldwide, 83% cervical cancer cases occur in developing countries and it is expected an increase to 90% in 2020 (Correnti et al. 2011) . HPV is a circular double-stranded DNA virus, non-enveloped, with 72 capsomeres, that belongs to Papovaviridae family (Souto et al. 2005 , Kudesia & Wreghitt 2009 ). HPV genome comprises eight open reading frames, being six Early (E) genes and two Late (L) genes. E6 and E7 oncoproteins are synthesized by the virus and are capable of stimulating proliferation, transformation and immortalization of infected cell (Souto et al. 2005 , Boulet et al. 2007 , Kiran et al. 2010 . In cancer tissues, these proteins lead the loss of cell control and repair of DNA damage (Shaw et al. 2011 ).
Many cofactors have been considered in development of cancer, like number of sexual partners, parity, anticontraceptive intake, smoking and alcohol consumption. However, differences between genetic backgrounds and environmental exposures may also affect the risk for cervical lesions and the susceptibility for cofactors. Glutathione S-transferase (GST) family encode enzymes that appear to be critical in cellular protection against cytotoxic effects. Surprisely, GST metabolism seems to be related not only to chemical compounds, but genetic polymorphism of GST has been correlated with risk of developing cervical lesion (Liu & Xu 2012 , Kiran et al. 2010 , Singh et al. 2008 , Sui et al. 2011 . The GST comprises a family of phase II enzymes, which act in metabolic detoxification of xenobiotic and endogenous reactive species (Palma et al. 2010) . In mammals, it is divided into three families: cytosolic, mitochondrial and microsomal. The first family is composed of seven classes (alpha, mu, omega, pi, sigma, theta, and zeta) and some of them may be divided into sub-classes. The main role of this enzyme is to catalyze the nucleophilic attack of reduced glutathione (GSH) to compounds having one nitrogen, carbon or sulfur atom electrophilic (Huber & Almeida 2008) .
The null genotype for isoforms GSTM1 and GSTT1 results in loss of enzyme activity, with a consequent loss in their ability to bind to toxic compounds, DNA-reactive, reactive oxygen and chemotherapeutic (Sui et al. 2011 , Settheetham-Ishida et al. 2009 ), increasing the susceptibility to cancers developing. The polymorphisms of GSTM1 and GSTT1 have been investigated in several cancers development, being associated with cervical , Zhang et al. 2012 , Liu & Xu 2012 , colorectal (Gao et al 2010) , urothelial (Chung et al. 2013) , prostate (Yang et al. 2013) , bladder (Gong et al. 2012) , breast (Hashemi et al. 2012 , Ramalhinho et al. 2011 , oral (Singh et al. 2013 ) and laryngeal cancer (Kumar et al. 2011) . Despite the null genotypes become risk factors for the development of these cancers, it is necessary a synergy between many factors to increase this risk, since the response to certain stimuli can vary greatly between individuals, mainly due to genetic variability (Settheetham-Ishida et al. 2009 , Jones et al. 2009 , Pande et al. 2008 , absence or presence of certain environmental factors and even compensatory mechanisms like over expression of another isoform of GST (Mohammadzadeh et al. 2003 , Nomani et al. 2005 . These findings highlighted were also observed between GST family and virus infection. GSTP1 polimorphism was significantly more frequent in the patients with chronic hepatitis B infection and in the patients with cirrhosis (Kandemir et al. 2008) . The inheritance of GSTM1 and GSTP1 null polymorphisms seems to be relevant to HBV infection and disease progression (Ghobadloo et al. 2006) . Similarly, a higher frequency of GSTT1 and GSTM1 deletions was observed in HPV positive subjects, elevating the risk of precancerous lesion in hungarian and indian populations (Cseh et al. 2011 , Joseph et al. 2006 . In this study, we investigated the correlation between GSTM1 and GSTT1 null genotypes and susceptibility to HPV infection and development of cervical lesions in Brazil.
MATERIAL AND METHODS

Patient samples
A case-control study was conducted with whole blood samples of 220 women attended in public health centers in Olinda, Pernambuco, Brazil. 100 samples were obtained from women already diagnosed with HPV infection by PCR using consensus primers GP5+/6+ (Manos et al. 1989 ) and MY09/11 (Roda Husmam et al. 1995) . The control group consisted of 120 samples from women not infected with HPV. All samples had been previously submitted to cytopathological analysis by Papanicolaou method and categorized using Bethesda system nomenclature. All work was conducted in accordance with the declaration of Helsinki (1964) and the experiments were conducted with the understanding and the consent of patients. Ethical Committee approved the research under code CEP/CCS/UFPE 275/08.
Molecular analysis
DNA extraction was performed from 300μl whole blood collected in EDTA tube and the Wizard Genomic DNA Purification kit (Promega, USA) was used following the manufacturer's guidelines. Multiplex PCR was performed using GSTM1 primers (Fw 5'-CCT GAA GAA CTC CTA AAG AAG C-3' and Rv 5'-GGG CTC AAA GTT TAT GCA GTG G-3') and GSTT1 primers (Fw 5'-TTC CTT ACT ACA GTC CTC TCT C-3' and Rv 5'-TCA CCG GAT GGC CAT CAG CA-3'). Beta actin gene which was used as control reaction (Fw 5'-AGC GCT GTG GGG AAA TCG-3' and Rw 5'-GGT GAT GAC CTG GCC GTC-3') and ultrapure water was used as negative control. The final volume of reaction was 12.5 μL containing 1 μL of extracted DNA, 6.25 μL Go Taq Green Master Mix (Promega, USA), 0.5 μL of each primer (10 pmol/μL). The cycling conditions were: initial denaturation at 94°C for 2 min; thirty cycles: denaturation (94°C, 30 s), primer annealing (57°C, 30s), elongation (72°C, 30s) and final extension at 72°C for 5 min. After amplification of the sequences, electrophoresis was performed at 1% agarose stained with ethidium bromide for subsequent visualization under UV light.
Statistical analysis
The risk for HPV infection and development of cervical lesions and its associations with polymorphisms of GSTM1 and GSTT1 and lifestyle (alcohol consumption, smoking, parity and number of sexual partners) were analyzed using Prism statistical software (Version 4.03), calculating the crude Odds ratio (OR) using 95% confidence intervals (CI) by X 2 test.
RESULTS
Focusing in women characteristics, 27.7% were smokers (consuming at least 1 to 3 cigarettes per day); 74.5% had more than one sexual partner; 25% drank alcohol daily (1/55) or weekly (54/55) and 84.1% had more than 3 children. GSTM1 null and GSTT1 null was found in 40% and 20.4% of women, respectively. A total of 7.7% women showed both GSTM1 and GSTT1 null genotypes while 31.8% showed integrity for both genes.
As expected, women who had more than one sexual partner showed a significant increase risk for HPV infection (OR = 2.3, 95% CI 1.2-4.5, P <0.05). Smoking and parity increased this risk in 50% and 30% (P >0.05), respectively. Alcohol consumption showed no influence in HPV infection (Table 1) . GSTM1 null genotype did not influence the risk for HPV infection whereas the absence of GSTT1 increased only in 20% this risk (P 3 Association between glutathione S-transferase genotypes, human papillomavirus infection and development of cervical injury in Olinda -PE >0.05). Women with null genotype for both genes showed a higher chance for HPV infection (OR = 1.7, 95% CI 0.6-4.7, P >0.05). When combined with each external factor, GSTM1 null or GSTT1 null genotypes (Table 1) showed increased risk for HPV infection. The highest risks were found for GSTT1 null genotype combined with alcohol or smoke (OR = 6, 95% CI 1.1-32.5, P >0.05).
Analyzing the possible genotypes (GSTM1 null, GSTT1 null and GSTM1/GSTT1 null) within the different groups (smoking, consuming alcohol, more than one sexual partner and three or more pregnancies), it was established that the absence of these genes showed higher risk of HPV infection among smokers and alcohol consumers ( Table 2 ). In the group of smokers, those with GSTT1 null genotype showed 3-fold higher risk of infection (95% CI 0.7-13.2, P >0.05) than in the presence of this gene. Women with absence of both genes showed a highest susceptibility to HPV infection (OR = 11, 95% CI 0.5-216.6, P >0.05). In women who consumed alcohol, GSTT1 null or GSTM1/GSTT1 null led to 6.6-fold (95% CI 1.2-34.7, P <0.05) and 6.4-fold (95% CI 0.6-73.4, P >0.05) increased risk of HPV infection, respectively.
All women with any type of cervical abnormality (7.7%) were infected with HPV, showing 2.3% HSIL, 4.5% LSIL and 0.9% ASCUS. Among HPV positive women, those that reported more than three pregnancies had 3.2-fold higher risk of developing cervical lesions (95% CI 1-10.4, P <0.05) than women with less than 3 pregnancies (Table 3) . Unexpectely, women with more than one partner showed no influence in the risk factor for cervical injury (OR<1, P <0.05). Alone, the absence of GSTM1 led to a discrete increase (OR=1.1, 95% CI 0.4-3.7, P >0.05 ) in the risk of cervical injury, but in combination with alcohol consumption this risk was 3-fold higher (OR = 3.3, 95% CI 0.3-37.1, P >0.05). In smokers, both GSTT1 and GSTM1 null genotype did not influenced the risk of cervical injury, unlike the findings for susceptibility to HPV infection (P >0.05). 
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DISCUSSION
GSTM1 null genotype has been found more frequently than the GSTT1 null, in agreement with other studies including different populations (Goodman et al. 2001 , Chan-Yeng et al. 2004 , Joseph et al. 2006 , Sobti et al. 2006 , Singh et al. 2008 . No correlation was found between GSTM1 null genotype and risk of HPV infection, although GSTM1 seems to be down-regulated in HPV-transfected cells (Chen & Nirunsuksiri, 1999) . Otherwise, women with GSTT1 null genotype and GSTM1/GSTT1 null genotype showed increased risk for HPV infection, in contradition to Joseph et al (2006) that reported higher risk of HPV infection in indian women with GSTM1 null compared with the absence of the GSTT1 gene. GSTM1/GSTT1 null genotype showed a sinergic behavior, probably because both genes seem to be related to protection against mutation in DNA by facilitating the conjugation and elimination of a variety of electrophilic species (Rebbeck 1997) . GSTT1 null genotype in the group of women who consumed alcohol was related to the increased chance for HPV infection.
GSTM1 and GSTT1 null genotypes were not associated to cervical lesion, which could be due to the time of infection and/or increased expression of other isoforms of GST, such as GSTP1, already evidenced in a wide variety of tumors (Mohammadzadeh et al. 2003) . In meta-analysis, it was found significant increased risk for developing early-stage cervical lesion associated with absence of GSTM1 in chinese and indian women, but this correlation was not found for GSTT1 null genotype (Zhang et al. 2012 , Liu & Xu 2012 . Goodman et al (2001) also noted that the GSTM1 null genotype increased the risk of squamous intraepithelial lesions, and smoking, alcohol consumption and the number of sexual partners also acted as a risk factor. Table 2 . Chances of HPV infection in women belonging to risk groups (smoking, alcohol consumption, number of pregnancies and number of sexual partners) who had genotypes (GSTT1, GSTM1, or both) null. Table 3 . Chances of developing cervical lesion in HPV positive women, belonging to risk groups (smoking, alcohol consumption, number of pregnancies and number of sexual partners), with null (GSTT1, GSTM1 or both) genotypes. In our population, it was found the influence of pregnancy, but no correlation had been found between the number of sexual partners and risk of cervical lesion, in partial agreement with other authors , Rosa et al. 2008 ). However, one should bear in mind that although some women had one sexual partner, he could have had other partners, increasing the risk of infection by HPV and development of cervical lesion.
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Consumption of alcoholic beverages did not act as risk factor for development of cervical lesions in our study, in disagreement with the relationship between alcohol and susceptibility to some types of cancer (Nomura et al. 2000 ). Indeed, excessive alcohol consumption lead to increased activity of microsomal ethanol oxidizing system, which would result in higher production of acetaldehyde and free radicals (Lieber 1983) . GST activity may play a central role by detoxifying both ROS and other ethanol-derived free radicals (Harrison et al. 1990) , and GSTM1 genotype seems to be an important predictor of polycyclic aromatic hydrocarbon (PAH)-DNA adduct levels in regular alcohol consumers (Rundle et al. 2003) . Then, it is reasonable to find an increased risk of cervical lesion only in women with GSTM1 null genotype.
Smoking may increase the risk of developing high grade squamous intraepithelial lesions (Ueda et al. 2005) , once smoking maintains cervical HPV infection longer and decreases potential of clearing an oncogenic infection (Giuliano et al. 2002) . It was also observed that substances like nicotine and other compounds from tobacco including benzopyrene and PAH could be find in cervical mucus of smokers (Fowke et al. 2011) . However, our population showed no association between smoking habit and cervical lesion, which could be due to the absence of criteria for time of consumption, cigarette type, among others.
GST null genotypes among smokers showed no influence in cervical lesion, despite GSTM1 and GSTT1 are involved in detoxification of carcinogens of tobacco (Salah et al. 2012) . Our study was similar to a study conducted in northern India by Singh et al (2008) . On the other hand, Sobti et al (2006) found among smokers, a 7-fold increased risk of developing cervical cancer in the absence of these genes. These variations found in different populations may be due to different lifestyles, diet, environmental factors and other genetic factors (Liu & Xu 2012) , as well as more efficient metabolic and detoxifying activity of tobacco compounds in some individuals than in others (Palma et al. 2010) . GST enzymes participate in important route of detoxification through conjugation of glutathione to toxic compounds (drugs, carcinogens, α-β unsaturated lipid aldehydes, aryl halides, alkyl halides and nitroaromatic) (Rudd et al. 2011 , Kiyohara et al. 2010 . Although no agreement in literature about the importance of GST enzymes in smoking subjects with cancer, it is clear that homozygous deletions cause decreased or absent expression of GSTs isoform leading to inability of the cells to eliminate toxic compounds (Gao et al. 2010) .
Considering the genotypes analyzed in this study, only GSTT1 null showed significant influence on the risk of HPV infection among consumers of alcohol and none of them showed influence on the risk of developing cervical lesions (P<0.05).
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